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Abstract 
Brominated polystyrene (BPS) is a new additive polymer flame retardant, 
having the characteristics of good compatibility with polymer, high bromine content, 
good thermal stability and high cost-performance. BPS has been widely used in 
thermoplastic and thermosetting plastics, such as polyethylene terephthalate (PET), 
polybutylene terephthalate (PBT), polyphenylene oxide (PPO), polyamide (PA), 
polyimide (PI), syndiotactic polystyrene (SPS), unsaturated polyester and epoxy 
resin. BPS has the advantage of low toxicity and environmental protection, which is 
ideal substitute product for polybrominated biphenyls and polybrominated diphenyl 
ethers. 
This paper researched the preparation of brominated polystyrene, which 
synthesized by polystyrene with melting index of 10 in the halogenated hydrocarbon 
solvent, such as chloroform or 1,2-dichloroethane, using liquid bromine and chloride 
bromine as brominating agent in the presence of bormination catalyst, such as 
reduced iron powder (Fe), anhydrous aluminum chloride (AlCl3) and antimony 
trichloride (SbCl3). The effects of various catalysts, moisture content, brominating 
agent and backbone halogenation suppression additive (BHSA) on bromination of 
polystyrene, structure and properties of BPS were investigated, using bromine 
content and color of BPS as the main index. The structure and properties of BPS 
were analyzed and characterized by FTIR, 1H-NMR, TG and GPC. The bromine 
content of the sample in this study is more than 68%, the state of it is white powder, 
and it has the good thermal stability. Its performances reach that of foreign product, 
it lays good foundation for a pilot test and industrial production. 
The test method of quantitative of bromine content of brominated polystyrene 
was first used by 1H-NMR-FTIR. Based on the corresponding relations of the 
relative number of backbone hydrogen and benzene ring hydrogen and the integral 
area of the 1H_NMR spectrum, the absolute bromine content is tested. The structure 
of BPS was analyzed through FTIR in detail. On the basis of the relation between the 
absorbance ratio of the absorption peaks in 882 cm-1 and 820 cm-1 and the bromine 
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content of BPS, FTIR quantitative analysis working curve was established. This is 
the major innovation of the paper. 
Relationships of backbone halogenation suppression additive (titanium 
tetrachloride) and various reaction conditions with the fine strucuture of brominated 
polystyrene were studied. This is another innovation of this paper. 
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无论引火源为小粒状燃料（质量 0.15 g），还是家用蜡烛（质量 14 g），电视外
壳引燃片刻后，火焰即自行熄灭，外壳表面轻微受损（对小粒状塑料）或损伤
厚度仅 20 mm（对家用蜡烛）。但电视机外壳以UL94 V-2 阻燃级的HIPS制造，
则电视机即使接触到小粒状燃料引火源也会燃烧，且火势很快蔓延。 
1.1 阻燃剂的发展概况 







20 世纪 50 年代后，高分子材料迅猛发展，三大合成材料愈来愈多地应用
于国民经济各个部门和人民生活的各个方面，而由于这些材料被引燃而导致的


































20 世纪 60 年代，对一些热塑性塑料提出了阻燃的要求，而氯化石蜡和反
应型阻燃剂会使热塑性塑料的结晶性在加工过程中降低或被破坏，因此人们在
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阻燃涂料的专利，但在聚合物中采用 IFR 则是近期的事。自 20 世纪 80 年代，
IFR 由于顺应环境要求而得到迅速发展。 














聚合物/无机盐纳米复合材料是 20 世纪 80 年代中期才出现的一类新型材
料，对其阻燃性的研究则是近十几年的事。这类材料含纳米无机物（主要是层
状硅酸盐中的蒙托土）3～8%时，其释热速度及质量损失速度比基材有大幅度
（30～70％）的降低，但对材料的氧指数及 UL94 阻燃性则改善不大。 
1.1.1 国外阻燃剂发展现状 
从对阻燃剂及阻燃材料的要求而言，从 20 世纪 70 年代至今，也经历了 4
个阶段。在 20 世纪 70 年代，只要求防火（即阻燃）；80 年代则同时要求防火
及抑烟；90 年代又要求低毒；至 21 世纪，更加上了环保方面的其他要求，如
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